ways, we conclude that Itk functions downstream of TCR ligation in the pathway leading to net actin polymerization during conjugate formation. These results con-
Adhesive defects in Itk-deficient T cells were detectable only in the presence of antigen, indicating that "inside-out" signaling pathways required for high-avidity binding of the ␤2 integrin LFA-1 are Itk dependent. Indeed, we find that RlkϪ/Ϫ ϫ ItkϪ/Ϫ T cells exhibit defective TCR-activated adhesion to immobilized ICAM-1 (L.D.F. and P.L.S., unpublished data). Similarly, overexpression of dominant Itk mutants inhibits TCRactivated adhesion to fibronectin mediated by ␤1 integrins [13] . Since high-avidity integrin binding requires interaction with cortical actin, it seems likely that the defects in adhesion via ␤1 and ␤2 integrins stem from the failure to appropriately remodel F-actin.
Itk Is Required for Localized Cdc42 Activation and Downstream Activation of WASP
To investigate the molecular basis for the actin defects, we asked whether Itk functions in the cascade leading to WASP activation. This cascade involves localized activation of Cdc42, which binds to and induces large conformational changes in WASP, which then activates the formation of branched actin structures by Arp2/3 complex [14, 15] . We have shown that WASP recruitment and activation are separable, with recruitment occurring via interactions with SLP76 and Nck, and activation occurring via binding to Cdc42-GTP accumulated at the same site [1, 16] . As shown in Figure 3 , WASP and Arp2/3 complex were recruited efficiently to the immune synapse in conjugates formed with both wt and Itkdeficient T cells (either RlkϪ/Ϫ ϫ ItkϪ/Ϫ or ItkϪ/Ϫ).
The recruitment of Arp2/3 complex to the immune synapse is not necessarily a reliable indicator of WASP activation. Though several studies indicate that Arp2/3 complex binds only to active WASP [14, 17] , there is also evidence for constitutive association [18] . Moreover, Arp2/3 complex could be recruited by other proteins. To directly address the activation state of WASP, we generated an antibody against an epitope that is masked by intramolecular interactions in the autoinhibited conformation and thus specifically recognizes active WASP (D.W.L., C.M. Labno, D.Y., J.K.B., and M.K.R., unpublished data). Using this antibody, we observed antigen-dependent WASP activation at the immune synapses in wt T cells, but only background levels of activation in RlkϪ/Ϫ ϫ ItkϪ/Ϫ T cells (Figures 3E and 3F) . WASP activation in ItkϪ/Ϫ T cells was also significantly lower than in wt controls. Since no defect was evident showing that these cells have defects in APC-induced actin responses and defining activation defects in key actin regulatory molecules. Importantly, the actin dein RlkϪ/Ϫ T cells, the presence of Itk appears to be of primary importance for localized WASP activation.
fects in ItkϪ/Ϫ T cells are not secondary to developmental defects; we find similar defects in Jurkat cells in To determine if the failure to activate WASP results from a defect in Cdc42 activation, conjugates were lawhich Itk expression has been depressed by using siRNA, and both Grasis et al. [12] and Woods et al. [ 
13] beled with recombinant GFP-WASP-GBD to detect Cdc42-GTP [1]. Wt and RlkϪ/Ϫ T cells showed strong have observed actin defects in Jurkat cells overexpressing Itk mutants. accumulation of Cdc42-GTP at the immune synapse. In contrast, both ItkϪ/Ϫ and RlkϪ/Ϫ ϫ ItkϪ/Ϫ T cells
At the molecular level, we conclude that Itk is required for recruitment and activation of Cdc42 and WASP at showed profound defects in Cdc42 activation ( Figures  4A and 4B) . Double-label analysis showed that Cdc42-the immune synapse. To our knowledge, this represents the first study to demonstrate in situ the colocalization GTP and active WASP colocalize at the immune synapse In addition to regulating WASP via Cdc42, Itk could directly phosphorylate WASP at tyrosine 291 [7] , a site could also be required to regulate GEF activity. We pre- 
